o 



:J<. v 



WO 2005/036003 



PCT/JP2004/014776 



5 

fe&«y wales u j:ym*:ttictt, fe»*»«FttA<w^-c, fro. mott 

10 

15 a©M»(CjS^fc&3£B£r#&&<fc* (fctil[«W8-47 7 4^ 
ft ftHRM i-ioi Z(DaftSfl:«ia$ffllx«^fcI=«l:y, 

30 fcffiS£#T? % fro % .fcyaaifffiffl-C^SIttt^filiL-Szi:*^***!*. d 

1 



WO 2005/0J6003 » 



PCT/JP2004/014776 



5 

25 ttSA<tt«BT»&SZi:l=J:y, * 

30 -f-^yrtfiKDrtfip-etStftLftl^ Lfc^ot, ±SB<Dl£ftt&j£«a> 

2 



WO 2005/0J6003 • 4 PCT/JP2004/014776 



£M<bJf H v 7 O 0 J*Lt, L < l*H v 7 2 0 ~ 8 0 0(Dfc 

io h-c&s, h v 7 o o ZTmzk^zmmmx&wx'omtiitf&T-r&o -is. 
Hv8oo*iB**t, R»^^<*^t<, «a**«f=&.&RriJ6tej&< 

z.\£xam$Tiz&&v)iT^y-<< ha (211) tjist-xft-r hr (22 

20 0) ©@ff3ftfi^ti«T?Si£«ci#T?*<5„ 

25 in 2 i**5§w<DHKE©^iiizfcit^^y m%(om!m%&&m®i-z>®T'$> 
30 -efe<s>„ 

3 



WO 2005/0S6003 • * PCT/JP2004/014776 



as AI4H4 A%mMLtz*-*Ti-<< bmRtttm-zfoZo 

B5BliB4B£HjBLfc;i--XT*-f htt**^H-C&*. 
5 HeiiflE^gra OK®£afiI(DS!l£) ©KKft-*^rHi?*So 

B7 Aitim^»mma>lRKiE]BB-e&«. 

B7 BltlEM»smUltt®ffmiirB-e&«. 

El 8 itlliftflmttma>iai^$^B-e&«. 

10 «n$mt-««aa>ra 

^ BB$fflt^T*5ew<Diitt©»astoL^rsiw-rs. nit *m®o> 
£&oimiztstt&m&viA&%™+w6mmE-zib&* Bitfcivc, zo)& 

20 

a*uiwrsBT?&y. ®3i*Z0gMm&8iwir&®X'&z>, ®2\t-%.m\ 
tifccfci;-«A^^fT^9^^*-rMS/\ 0 ^->r-fcy, B3 «Aft& 

fcm*mmzmztt&i£mm<Dmif£fr&-tftizffi3Lr>tz&s 

30 



4 



WO 2005/036003 • * PCT/JP2004/014776 



5 SA«fl6*©2»©1iaTfc<|:«S^P«»t*LrL^. ±K(DgM!UI£ftrtfc 
10 

4 (a) l**^0^J(D|4SgPn n pT-&y. 04 (b) l*t££©$lllg^p D BT*fc3 0 f 

15 ffi3tE©»«!ia^|=J:*«ia»©^-x-r^-f hSgJlftJ££04 (b) |Z^ 0 
$tz, 05 (a) 33cfc7JH]5 (b) l" s ±fB04 (a) fc\fctfH4 (b) 

Lfc^--xx^-r heasjt^^-r. zhht-x^-r-f b^mm^tmm 
cfcy, tt*©*-*-^* ntgit j i s&fe©&&##-ei o#-efcy % 02 

20 04 (a) ©¥9ttgl** tiUtftTfJWeLfclt*, 5. 6//m-e&ofc 0 

25 J I S«1ftSU J 2*t (1. Olf%C-0. 2 5li%Si-0. 4fi*% 
M n - 1 . 5 «*%C r ) £ffll^T, ( 1 ) 7XM©«S, ( 2 ) ttfittftoa 

o) $/*;nf-«san, (4) ttttf&*tt©ai& (5) mmmnm 



5 



WO 2005/036003 * * PCT/JP2004/0 14776 





A 


O 


c 


n 


JGi 


F 


AfbtlBM 




ffig CC) 


r ou 


ROD 


815 


830 


850 


870 






-iW ^ -S 

7JC j& m 
(ppm) 




U.Of 




U. 00 




n An 


v.. f£ 


U. 00 


(J IS) 




12 


11.5 


11 


10 


10 


10 


10 


»»i(J/cIlI , ) 




6.65 


6.40 


6.30 


6.20 


6.30 


5.33 


6.70 


(MP a) 




2840 


2780 


2650 


2650 


2700 


2330 


2770 


it <L„) 




5.4 


4.2 


3.5 


2.9 


2.8 


3.1 


1 



K8A~D (*3§E0!) iSgSttlSSO-C, fc&B#|B!l 50m hh^ 
li, RX^«tT>^-7^XtO;I^^X«i:L7co HI 2 

{bMSftJ: yffil^fflJt«7 8 0°C~8 3 0°ClC*n^LT-^Atl$fT^o7ro 

— 3fejftA*isjs*aRSftiaHiaS8 5 o^ui.±©8 5 o°c~8 7 o°c-c!t&o 
ft$:m&tmmm& utm\) rautaitAas sou s^mm 50m 



6 



WO 2005/036003 . 



PCT/JP2004/014776 



M«A*Lfl (ibfiHH) : m&t£ibi&mz?T fcfr-f \z s a 5 o^izmmLxm 

mz s um*miz?i\xmmtz>o 

5 

c 1 ) jm&omz. 

7mm$ftm l tz 0 mmmAitm^. Lxtti\ z o l e c o*±§si d h - 1 o 

10 

tttiMM :0. 0 1 ~ 5 0 . OOppm 

ftffim&--±0. 1 ppmffctt±3%H (1^^*^-5155) 
##fSj£ : 0. 0 1 p pm 

mux : «a 

15 IfcftSS-tH'X: 1 0mg~35mg (S* : E&1 2mmxS^1 OOmm 
) 

ftnft&iS&t&BS : 5 0t~i i o o°c 

tt* : 7>/W KP> Mg (CIOJ 2 , 7X*7^ h NaOH 
20 Jg9 9. 9 9%J*Lt, E*)4 0 p s i (2. 8kgf/cm 2 ) ffc^o 

y? : 7-z:t±%i<D*.mttttmmzmA?z>o n&am&kmsam** u 7 
x zctiz&i T*ttittt*»£*i -5 z t 

(2) $SH£l&0);I3£ 

30 £Att£<D£J£l*< J I S G 0 5 5 1 fl>»©^-XT-^-r H^AISmii^ 

7 



WO 2005/036003 • * PCT/JP2004/014776 



(3) is-*j\,\f-mmum 

i/-v;utf-flHKt»l*, J I s Z 2 2 4 2©M*mo»>-wuif— MSt 

5 Sfe^lcStJ^Tfr^ofco Keftlt, J I S Z 2 202(Z^$tL7tUy y 

(4) mj&ftttaag 

15 +&£ s ff,fe«fctf(7 2 l*T«B0!)ai=J:-3T*«>6*l* («WX*«A4«*»* 
^A4-40) e NI*Ra«ttll^a>»ll*^t?»fiifl!>«l*, Ali8WfiB 

cr,= (N/A) + {M/ (Ap 0 ) } [1+e,/ U (p 0 +e,) } ] 
cr 2 = (N/A) + {M/ (Ap 0 ) } [1 -e 2 / {a: (p 0 -e 2 ) } ] 
20 K=- (1/A) J A [n/ (p 0 +77) } dA 

(5) ummm 

mmmvfoZo 07 (a) i*jEp5Bi-c&y* 137(b) i*ffiij®ig-e&a. 0 

25 7 (a) fcj:rjg!7 (b) ICfclvC 4Snift5&JM»tUI^ 2 1 It, WftP-JU 
1 IZ^oTIEll^^ ?i?-;H 3 <t^ML"ClHl|cLTL x 'i>o JU 31*. 3/ 

30 ftl l:*Lf:» I 0)IM»SJR*Ki8-r«4:*Oi:fcyT5ft*. 

8 



WO 2005/036003 • 



PCT/JP2004/014776 



mtft-oXl^o :tllt lKHk»#itl:#f^S7>t-7 (NH,) 
7XS*I*0. 3 7-0. 4 0 p pmt¥ttfc<3iVm&LX^Z> a Z<D7K§tml* 

(2) 

20 (3) v-wut°-©SI*it 

glfc«fci|i|& ^*a^b5!lS n D n roi/-v;Ut 0 -®»iilli5. 3 3J/cm 2 T' 
fc*©fcJtLT % *^^j0)liJ|4B-DOv-v;Ut o -®Sfil(i6. 3 0-6. 6 

Y;nfHWgfiI#K < &6<IIrI ^MAtu n n «0 vv;ue-®Sfilii6 . 

25 7 0J/cm 2 iIl\„ 

(4) «l£*)fi!a;;Iij5£ 

p n pl*2 3 3 0MPa<D®«2liit<t&-3TU£o ZftlCttLT, £mB~D0® 
30 TO*fi|li2 6 5 0-2 8 4 0MPai:*#$tlf=fil3!»<#e>*vrLN§o 1tI4&A 

9 



WO 2005/036003 • 



PCT/JP2004/014776 



5 (5) t&m$twk 

-fMSftttfttfl 1 #leLtlc«ift**u v-WUfcf-ffigfit, iHtMi3fi*fc«fctf 

15 3fclcSIS6«lll=oixrSiW-r*. TIBOX^ Ytffcjctfzfl-lcoivc, -m 
©StgtetTfcofc. MSffllt#icii s J i s«»suj2# (i. oii%c 

-0. 2 5U%Si-0. 4lI%Mn-1. 5M%Cr) £JBl\ X#~ 

x# (ib««) : *a%Mi®ft (;IJfcM<b*Q ! JIt!"f) o 
XtfX+7>i-7fXi:Lfc. 

4 5°c, &&i$p B ii 50m gftSfctesosHftwu Rxfx+7^-7 

25 #X fc L fco S»l&A*iSfil± 8 0 0 °Ct Lfco 
(1) 

30 

1 0 



WO 2005/036003 • 



PCT/JP2004/014776 



[«2] 





<*12xL2 2P3lfS$&# 




1 0 




3/4-<>f (19. 0 5mm) 


StttlUE 


5. 8 8GPa 




4 6 2 4 0 cpm 


mutt 


*-b:>VG6 8 ^$JfW 



CS3] 







L 10 ©jt 


L 10 (xl0 4 HJ) 


l» (x i o 4 ia) 




8 0 17 


1 8 6 48 


1. 0 




246 5 6 


3 3 9 74 


3. 1 


Zti 


43 2 44 


6 9 0 3 1 


5. 4 



©1. 7 4^, ffcX|t05. 4M#iSiJ$*LtL^. C0*&<J!>±Bli5 
^ p TOO) wmtlz J: -5 (D t # *. b Mo 

(2) vv^e-wsti 

$/*;ue-*»HM*, u/y*RBUt*fflivc, ±&05J i sz 2 24 21c 

1 1 



WO 2005/036003 • ' PCT/JP2004/014776 



[*4] 





(J/cm 2 ) 




xu 


6. 7 


1. 0 


Ytt 


5. 3 


0. 8 




6. 7 


1. 0 



5 

(3) ttMttmttttOKM 

fcfco TO^ttfii (K,oflt) (DnmzirmzKt en assi**:. rats 

10 5 

K1 c= (PL/" a/BW 2 ) {5. 8-9. 2 (a/W) +43. 6 (a/W) 2 
-7 5. 3 (a/W) 3 +7 7. 5 (a/W) 4 } • ■ • (I) 

C^5] 



uw 


mm 


K 1 C(MPa/m) 


K t C©J± 




3 


16. 3 


1. 0 


Ym 


3 


16.1 


1. 0 




3 


18. 9 


1. 2 



15 

1 2 



WO 2005/036003 ♦ 



PCT/JP2004/014776 



5 (4) f*E«Jtf*Ji! 

ff£^3&£fjtitjti*, ±^(D^vizm6iz7Ftm^o : h(o^m^tzo n*, p 



MM 


WWft 


0£E«Bfeft (kgf) 




X# 


3 


4 2 0 0 


1.0 0 


YM 


3 


3 5 0 0 


0. 84 




3 


4 3 0 0 


1. 03 



10 

15 (5) &?Tf-ftK<b* 



WO 2005/0?6003 



PCT/JP2004/014776 



urn. 


m& 


(HRC) 


(%) 


(x 1 0- 6 ) 




x# 


3 


62. 5 


8. 8 


1 8 


1. 0 


yu 


3 


63. 6 


30. 5 


3 5 


1. 9 




3 


60. 0 


1 1. 8 


2 2 


1. 2 



»©1 J2lTlw|I|l$!|*tir^4Zt36<^5. 
(6) mSATlcftlfftlEttftftRft 

[*8] 





Fr = 6. 8 6kN 




Pmax = 3. 2GPa 




2 0 0 0 r pm 


?Srii 


*-U>5 6 




0. 4g/1000cc 




til 0 0-1 80 Mm, f^Hv8 0 0 



[19] 



WO 2005/036003 * 1 PCT/JP2004/014776 





l>v0-fo (h) 


L 10 OJ± 


Xtt 


2 0.0 


1. 0 


YU 


5 0.2 


2. 5 




4 5.8 


2. 3 



10 

(Jtitfliii) 

ttK*ft:n-Tl^5tta3 0 2 06 (1*1 -fl^ C5#I=J I Sl=«fc*Wft* 
^□A$£llgffl2a (SUJ2) ft) 
7i?7^1 : 1 7. 6 4 kN 
7*i/T)\,fflL : 1 . 4 7 k N 
20 0&j£j£ : 2 0 O O r p m 
II©1IIA1 g/L 

[«1 O] 

1 5 



WO 2005/036003 



PCT/JP2004/014776 



No 


mv /ol 


Is (0/\ 


ICC DC. 

l n v; 


at up inj 


hm 




1 


0. 1 1 


1 4 


7 2 5 


3 2 1 


11.8 




2 


0. 1 6 


1 8 


7 3 5 


3 7 8 


12.0 


HJHW2 


3 


0. 1 8 


2 0 


7 3 0 


3 6 2 


11.9 




4 • 


0. 32 


2 2 


7 3 0 


3 9 6 


12.1 




5 


0. 6 1 


2 4 


7 1 5 


4 34 


12.2 




6 


0 


8 


7 7 0 


7 2 


9. 8 


ttttfll 


7 


0. 32 


3 2 


7 10 


1 5 5 


10.0 


J«W92 


8 


0. 72 


3 1 


700 


1 2 3 


12.0 


ttR083 



©IElll«A<«4Sl=fiTLrU*ZtJ=I!i&L, SSteMliO. 7£±|gt* 
5 l\, 

imj i i fcefct; i i i j; y s x-^-r h*i* i i~2 5%o)ii*? 

Ha (2 i i ) x-r-^-r hr (220) 0>BI«f3ftta>We»£-r«. 

^^^titzmmommitt^xoMX'm^x&^xm^^oxitts:^ 

15 A^**i«C<t^ES**l«. 



WO 2005/036003 • 



PCT/JP2004/014776 



1. ft* ^m^^xmm<omm^^t^m^mmz^i\x. Are** 

2. S*S<bJil=feft*S*^Wft6<0. 1%~0. 7%(D«SBaTffc*tt*5l 

10 

4. lfflBSft*{bJI(::ftlt««&ftCH v 7 0 0fiU:T?fe*||#9I1 OflSAUJM 
15 So 

5. W&tfH v720~Hv80 0©|6HlCft«||3jt«4<Dft^yttft o 

20 f=*5(t*fitT?&*ffl|3jtS[4*fclt5©te^y«|g 0 

7. S*SfclBtfelt*gHB^-^T^-f h»#1 1 ~2 5%<7)®gi(cfe^ % 

Ojumlcfc(f-5fi|^fe-5ff^80^y^g o 

30 

1 7 



WO 2005/036003 • 



PCT/JP2004/014776 



FIG. 1 




1/5 



WO 2005/036003 



PCT/JP2004/014776 



FIG. 2 



Ti 









/ 


mm 


V 













i 



T2 

800°C / 



mis iso*: 
A mm 



FIG. 3 




Ai 



m 180°C 



2/5 



WO 2005/036003 . • PCT/JP2004/014776 



FIG. 4A 




FIG. 4B 




3/5 



WO 2005/036003 



FIG. 5A 




PCT/JP2004/014776 



FIG. 5B 




FIG. 6 



o 



IX) 



ei 



e 2 



r« =* 

15 



4/5 



WO 2005/036003 



PCT/JP2004/014776 




5/5 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 .F16C33/62, 33/32, 33/34, C23C9/32 



International application No. 

PCT/JP2004/014776 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 F16C33/58-33/64, 33/32-33/36, C23C8/32 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2005 

Kokai Jitsuyo Shinan Koho 1971-2005 Jitsuyo Shinan Toroku Koho 1996-2005 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP 4-141572 A (NTN Corp.), 
15 May, 1992 (15.05. 92) , 

Page 4, upper left column to upper right 
column; Fig. 1 
(Family: none) 

JP 2003-226919 A (NTN Corp.), 
15 August, 2003 (15.08.03), 
Tables 1, 7 

& JP 2003-226918 A & 
& JP 2003-227518 A & 
& JP 2004-137605 A & 
& US 2003/0123769 Al & 



1-9 



1-9 



JP 2003-227517 A 

JP 2004-092913 A 

JP 2004-138238 A 
DE 10254635 A 



& FR 2841907 A 



& CN 1421541 A 



Further documents are listed in the continuation of Box C. J^J See patent family annex. 



"L" 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority clalm(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other means 

document published prior to the international filing date but later than the 
priority date claimed 



T later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the Invention 

"X" document of particular relevance; the claimed Invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

U Y' document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document Is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 
02 February, 2005 (02.02.05) 


Date of mailing of the international search report 

22 February, 2005 (22.02.05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (January 2004) 



* 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP2004/014776 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 


WO 1998/044270 Al (Koyo Seiko Co., Ltd.), 

08 October, 1998 (08.10.98), 

& US 6290398 Bl & EP 971141 Al 


1-9 


P,Y 


JP 2004-232669 A (NTSK Ltd.), 
19 August, 2004 (19 . 08.04), 
(Family: none) 




1-9 


P,Y 


JP 2004-257556 A (NTTN Corp.), 
16 September, 2004 (16.09.04), 
(Family: none) 




1-9 



Form PCT/ISA/2 10 (continuation of second sheet) (January 2004) 



BBM3lEtt# 



PCT/JP2004/014776 



a. m<om-tz&m<D&m immmim (ipc)j 

Int. CI. 7 F16C 3 3/6 2, 3 3/3 2, 3 3/3 4, C23C8/32 



B. 



WS«r?To*:**l8jm (BBttfiftHK (IPC) ) 

Int. CI. 7 F 1 6C 3 3/5 8-3 3/6 4, 3 3/3 2-3 3/36, C23C8/32 



B#ai£JH$f&&$R 1922-199 6*f 

B*B&MXffiSrSe&ff 1 9 7 1-2 005^ 

B*BSft$ffl*r$&tt 1994-200 5*F 

0#B2Sffl$r£Sfc&$ft 1 9 96-200Sf 



J P 4-14 
2. 0 5. 15 

10 



1 5 7 2 A 199 



9 



JP 2003-226919 A (NT N8cSg£tfc) 20 0 
3.08.15, 1 1 , 7] & JP 2003-22 
6918 A & JP 2003-227517 A & JP 
2003-227518 A & JP 2004-09291 
3 A & JP 2004-137605 A & JP 20 
04-13823 8 A & US 2003/0123769 



0 cwotsfcz^xmtfm&ztix^Zn 



fEj BRttJBBtfWfflMSfcttttfFVfcStf, BKUUBH 

roj asset 5M* % <gffl N JR*«?K:«&i-«*iR 

TPJ BRUBBfltT?* *>ofi&f«0£S0£at2:&.5tfUS' 



TTJ HgStalS0XI*M5fe0m^^^ny u c5:^t?feoT 

wis t^*-r 5 1> ©•?(*#<, %vji<DM.mx\m%5 
r&j i^-/<f^h77 5 y-xsfc 



02. 0 2. 2005 



whkdmh 22.2.2005.. 



BfcBWfr/J' (I SA/ J P) 
Sffi*-§-l 0 0-8 9 1 5 



3 J 



9 24 7 



US#-)§- 03-3581-1101 rtH 3326 



^StPCT/I SA/2 1 0 ($2^-^ (2 00 4^1^) 



mmm&-%- pct/jp 2004/014776 



C . IS§ig1-.5j:fgftE,ft5;fcift 



P, Y 
P, Y 



Al & DE 10254635 A & FR 284190 
7 A & CN 1421541 A 

WO 1998/044270 Al (*^»X«^tfc) 1 
9 9 8. 1 0. 0 8 & US 6 2 9 0 3 9 8 Bl & EP 
971141 Al 

JP 2004-232669 A (H^Ifcagftfc) 2 0 
0 4. 0 8. 1 9 (7r S y-ftb) 

JP 2004-257556 A (NTNf^tt) 20 0 
4. 09. 1 6 (77 5 y-fcU 



1-9 



1-9 



1-9 



«SPCT/I 



SA/2 10 (JK2^— (2 0 0 4^1J) 



